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POWER TOOLS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a power tool driven by a 

battery and, more particularly, to a poWer tool that can 
prevent an arc betWeen the body of the poWer tool and the 
battery When the battery mounted is detached from the body 
during operation. 

2. Description of the Related Art 
According to a knoWn poWer tool driven by a battery, the 

battery supplies driving current to a motor in order to drive 
a tool bit. For example, a knoWn screWdriver includes a body 
having a motor housing and a hand grip, and a battery 
detachably coupled to the body. The motor housing includes 
the motor for driving the driver bit. The hand grip is 
connected to the motor housing. The battery is detachably 
coupled to the loWer end portion of the hand grip. The 
battery is de?ned as one element of a poWer circuit to drive 
the motor by means of a connecting terminal. Thus, the 
battery supplies driving current to the motor via the poWer 
circuit. 

Within the knoWn poWer tool, because the battery is 
detachably coupled to the body, user of the poWer tool may 
unintentionally remove the battery from the body during the 
operation. Because the battery de?nes one element of the 
motor driving poWer circuit via a connecting terminal and 
the battery supplies driving current to the motor during its 
operation. Therefore, When the battery is removed from the 
body during the operation of the poWer tool, the poWer 
circuit may possibly be interrupted abruptly. When the 
poWer circuit for driving the motor is interrupted during the 
operation of the motor, arc may be generated at the contacts 
betWeen the body of the poWer tool and the battery. Arc may 
adversely affect corrosion-resistance of the poWer tool. 

SUMMARY OF THE INVENTION 

It is, accordingly, an object of the invention to provide a 
technique to effectively prevent a poWer tool from being 
adversely affected When a battery is removed from the poWer 
tool. 

According to the present invention, a poWer tool is 
provided that includes a tool bit, a motor that drives the tool 
bit, a body that houses the motor, a battery detachably 
coupled to the body so as to supply driving current to operate 
the motor, a control device that controls the operation of the 
motor and a poWer circuit that leads the driving current from 
the battery to the motor. Within the poWer tool, the control 
device stops the motor prior to an interruption of the poWer 
circuit When the battery is disengaged from the body in order 
to prevent a driving current from being passed through the 
poWer circuit. As a result, arc can be effectively prevented 
from being generated betWeen the battery and the body of 
the poWer tool. 

Other objects, features and advantages of the present 
invention Will be readily understood after reading the fol 
loWing detailed description together With the accompanying 
draWings and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs an electric screWdriver according to a 
representative embodiment of the invention. 

FIG. 2 shoWs a battery pack utiliZed Within the represen 
tative embodiment. 
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2 
FIG. 3 shoWs a circuit structure for driving a motor Within 

the screWdriver according to the representative embodiment. 
FIG. 4 shoWs the circuit structure as shoWn in FIG. 3. 

FIG. 4 shoWs a state that the engagement betWeen the 
battery pack and the body is released. 

FIG. 5 shoWs the circuit structure as shoWn in FIG. 3. 
FIG. 5 shoWs a state that the battery pack is removed from 
the body. 

FIG. 6 shoWs a ?rst modi?cation of the representative 
embodiment. 

FIG. 7 shoWs a state in Which the battery pack is mounted 
on the body according to the ?rst modi?cation as shoWn in 
FIG. 6. 

FIG. 8 shoWs a state in Which the battery pack is being 
removed from the body according to the ?rst modi?cation. 

FIG. 9 shoWs a state in Which the battery pack is com 
pletely removed from the body according to the ?rst modi 
?cation. 

FIG. 10 shoWs a second modi?cation of the representative 
embodiment. 

FIG. 11 shoWs a battery and a battery cover utiliZed Within 
the second modi?cation. 

FIG. 12 shoWs a circuit structure for driving the motor 
according to the second modi?cation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

According to the present invention, a representative bat 
tery-typed poWer tool is provided. The representative poWer 
tool may include a tool bit, a motor, a body, a battery, a 
control device and a poWer circuit. The motor drives the tool 
bit. The body houses the motor. The battery is detachably 
coupled to the body so as to supply driving current to operate 
the motor. The control device controls the operation of the 
motor. The poWer circuit leads the driving current from the 
battery to the motor. Within the poWer tool, the control 
device stops the motor prior to an interruption of the poWer 
circuit When the battery is disengaged from the body in order 
to prevent a large driving current from being passed through 
the poWer circuit. 
The control device according to the present invention is 

adapted and arranged to stop the motor prior to an interrup 
tion of the poWer circuit When the battery is disengaged from 
the body. In the present teachings, the state in Which “the 
battery is disengaged from the body” Widely involves not 
only the state in Which the battery is removed from the body, 
but the state in Which the battery is incompletely engaged on 
the body. In other Words, it involves an improperly mounted 
state or the state in Which actually the battery is not 
completely or properly engaged on the body even though 
outWardly it looks properly engaged thereon. 
When the battery is disengaged from the body, the control 

device stops the motor prior to an interruption of the poWer 
circuit. Even if the battery is removed from the body during 
supply of the driving current from the battery to the motor 
via the poWer circuit and even if the poWer circuit is 
interrupted, the motor is already in a shutdoWn state, 
because the motor stops prior to the interruption of the 
poWer circuit. As a result, decrease of durability of the poWer 
tool can be prevented Which may otherWise be caused by a 
large current passing through the poWer circuit to drive the 
motor. Further, arc can be prevented from being generated at 
the connecting terminal. Preferably, suf?cient time differ 
ence may be provided betWeen the shutdoWn of the motor 
and the interruption of the poWer circuit in order to prevent 
generation of arc. 
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In the present teachings, the “tool bit” Widely includes 
tools for battery-type drills, grinders, impact drivers, impact 
Wrenches, cutters, trimmers, circular saWs and reciprocating 
saWs. The motor for driving the tool bit typically comprises 
a DC motor or a DC brushless motor. Preferably, the body 
may have a motor housing and a hand grip. In this case, the 
battery may preferably be coupled to the motor housing or 
to the hand grip. A rechargeable battery may typically be 
utiliZed. In order to “stop the motor” according to the present 
teachings, a driving control circuit of the motor may pref 
erably be physically disconnected in response to the disen 
gagement of the battery from the body. Otherwise, a signal 
to stop the motor may preferably be outputted in response to 
the disengagement of the battery from the body. 
As one aspect of the present invention, the poWer tool 

may preferably include an engagement device that locks the 
battery to the body such that the battery can be removed. In 
this case, the control device may preferably be adapted to 
stop the motor prior to an interruption of the poWer circuit 
When the locked engagement by the engagement device 
betWeen the battery and the body is released. 

In the present teachings, the state in Which “the locked 
engagement by the engagement device betWeen the battery 
and the body is released” Widely embraces not only the state 
in Which the battery is completely locked to the body by the 
engagement device, but the state in Which actually it is not 
completely locked by the engagement device even though 
outWardly it looks completely locked by the engagement 
device. Therefore, the poWer tool can detect and signal an 
improperly mounted state of the battery. Speci?cally, 
because the motor stops When the battery is improperly 
mounted on the body via the engagement device, user of the 
poWer tool can immediately notice that the battery is not 
properly mounted. The engagement device may be provided 
either on the battery side or the body side. 
As one aspect of the present invention, the poWer tool 

may preferably include a ?rst connecting terminal and a 
second connecting terminal. The both terminals may be 
provided betWeen the battery and the body. The ?rst con 
necting terminal may partially form the poWer circuit. The 
second connecting terminal may be adapted to turn on and 
off in response to the mounted state of the battery. When the 
battery is disengaged from the body, the second connecting 
terminal may preferably be disconnected so as to stop the 
motor before the ?rst connecting terminal is disconnected. 
For stopping the motor, a driving control circuit of the motor 
may be physically disconnected or a signal to stop the motor 
may be generated. 

Preferably, the length of the second connecting terminal 
may be shorter than the length of the ?rst connecting 
terminal. When the battery is detached from the body, the 
shorter second connecting terminal is disconnected. Subse 
quently, the longer ?rst connecting terminal is disconnected. 
In this case, at the point When the poWer circuit for driving 
the motor is interrupted due to disconnection of the ?rst 
connecting terminal, the motor is already in a shutdoWn state 
due to disconnection of the second connecting terminal. 
Thus, arc betWeen the battery and the body can be prevented. 

According to one aspect of the present teachings, a 
method of using a battery-type poWer tool may include the 
step of stopping the motor prior to an interruption of the 
driving current to the motor When the battery is disengaged 
from the body. According to this method, the motor is 
already in a shutdoWn state at the point When the battery is 
removed from the body. Therefore, arc can be effectively 
prevented from being generated betWeen the battery and the 
body and thus the poWer tool can be used in the explosion 
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4 
proof condition. This method may be used With a poWer tool 
having the aforementioned preferable features of the poWer 
tools in suitable combination. 

According to the present teachings, the battery may be 
attached to the body via an attaching device. The “attaching” 
or “attaching device” Widely embraces various manners of 
connecting the battery to the body. Speci?cally, it embraces 
not only engaging the battery ?rmly on the body, but also a 
connecting manner in Which it is dif?cult or impossible to 
detach the battery from the body unless the attaching device 
disposed betWeen the battery and the body is released. 

According to the present invention, When the attaching of 
the battery to the body by means of the attaching device is 
released, the control device stops the motor prior to an 
interruption of the poWer circuit. Even if the battery is 
removed from the body during supply of driving current 
from the battery to the motor via the poWer circuit, then the 
motor is already in a shutdoWn state, because the motor 
stops prior to an interruption of the poWer circuit When the 
attaching of the battery to the body by the attaching device 
is released. As a result, decrease of durability of the poWer 
tool can be prevented Which may otherWise be caused by a 
large current passing through the poWer circuit to drive the 
motor. Further, arc can be prevented from being generated at 
the connecting terminals. 
The attaching device may preferably comprise a battery 

cover that covers the battery on the body. In this case, When 
the battery cover is opened, the motor stops prior to an 
interruption of the poWer circuit. The battery cover may be 
con?gured to cover the battery and to engage and retain the 
battery onto the body. Otherwise, the battery cover may be 
con?gured to simply cover the battery. 

Alternatively, the attaching device may comprise an 
adapter that is disposed betWeen the battery and the body. In 
this case, When the adapter betWeen the battery and the body 
is released, the motor stops prior to an interruption of the 
poWer circuit. 

Each of the additional features and method steps disclosed 
above and beloW may be utiliZed separately or in conjunc 
tion With other features and method steps to provide 
improved poWer tools and method for using such poWer 
tools and devices utiliZed therein. Representative examples 
of the present invention, Which examples utiliZed many of 
these additional features and method steps in conjunction, 
Will noW be described in detail With reference to the draW 
ings. This detailed description is merely intended to teach a 
person skilled in the art further details for practicing pre 
ferred aspects of the present teachings and is not intended to 
limit the scope of the invention. Only the claims de?ne the 
scope of the claimed invention. Therefore, combinations of 
features and steps disclosed Within the folloWing detailed 
description may not be necessary to practice the invention in 
the broadest sense, and are instead taught merely to particu 
larly describe some representative examples of the inven 
tion, Which detailed description Will noW be given With 
reference to the accompanying draWings. 

FIG. 1 shoWs a representative electric screWdriver 101 
according to the present invention. The screWdriver 101 is a 
feature that corresponds to one example of the “poWer tool” 
according to the present invention. The screWdriver 101 may 
include a motor housing 101a and a grip 10119. The motor 
housing 101a houses a DC brushless motor 121, a motor 
drive shaft 123, a speed change mechanism 105 and a 
spindle 107. The speed change mechanism 105 includes 
planetary gears. A bit mounting chuck 109 and driver bit 111 
are mounted to the end of the spindle 107. 
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The driver bit 111 is a feature that corresponds to the “tool 
bit” according to the present invention. A trigger switch 113 
is provided on the upper end portion of the grip 10119. A 
battery 141 is removably mounted on the loWer end portion 
ofthe grip 10119. The motor housing 101a and the grip 101b 
de?ne a body 103 of the screWdriver 101. 

FIG. 2 shoWs a battery 141 according to this embodiment. 
The battery 141 is contained Within a battery pack 142 that 
functions as a battery housing. An engagement device 143 
and a pair of mounting guides 145 are disposed on the top 
of the battery pack 142. The engagement device 143 retrac 
tably protrudes upWard from the battery pack 142. Further, 
in this embodiment, a battery pack mounting check sWitch 
144 is provided so as to turn on and off in response to the 
movement of the engagement device 143 that protrudes 
from or retracts into the battery pack 142. The mounting 
guides 145 engage With the bottom of the grip 1011) (see 
FIG. 1) When the battery pack 142 is mounted on the grip 
101b. 

Speci?cally, the mounting guides 145 are engaged in the 
horizontal direction With the grip 10119 of the screWdriver 
101 as shoWn in FIG. 1. The direction of mounting the 
battery pack 142 to the bottom of the grip 10119 is shoWn by 
an arroW “S” in FIG. 2. When the battery pack 142 is further 
pushed forWard via the mounting guides 145, an inclined 
surface 14311 of the engagement device 143, Which surface 
faces forWard in the mounting direction, is pressed against 
the bottom of the grip 10119. As a result, the engagement 
device 143 retracts into the battery pack 142, thereby 
alloWing the battery pack 142 to be further pushed forWard 
into the mounted position. Thus, the battery pack 142 can be 
mounted on the grip 10119. In this embodiment, the battery 
pack mounting check sWitch 144, Which Will be described 
beloW in detail, is con?gured to detect the “battery mounted 
state” and to output the corresponding signal to the control 
circuit 151. 

As it is shoWn in FIG. 3, the screWdriver 101 according 
to this embodiment mainly comprises a control circuit 151 
to control the operation of the DC brushless motor 121, a 
poWer circuit 153 for supplying driving current from the 
battery 141 to the DC brushless motor 121, a position 
detecting circuit 155, a PET bridge 157 and the battery pack 
mounting check sWitch 144. These components are disposed 
Within the body 103. The battery 141 contained in the battery 
pack 142 is electrically connected to the poWer circuit 153 
in the body 103 via a connecting terminal 147. The control 
circuit 151 and the connecting terminal 147 are features that 
correspond to the “control device” and the “?rst connecting 
terminal” according to the present teachings, respectively. 

The DC brushless motor 121 is connected to the battery 
141 via the connecting terminal 147 and the poWer circuit 
153 in order to receive the supply of the driving current. 
Further, the motor 121 is connected to the control circuit 151 
and the FET bridge 157 that is connected to the control 
circuit 151 in order for the driving control. The DC brushless 
motor 121 is driven by means of a three-phase bipolar 
driving circuit. 

Although it is not particularly shoWn, six FETs (?eld 
e?fect transistors) are provided Within the FET bridge 157 for 
rectangular Wave driving of the DC brushless motor 121. 
The FETs are connected to three coils (armature Winding) 
125U, 125V, 125W for driving a rotor (not particularly 
shoWn in the draWings) of the DC brushless motor 121. The 
coils 125U, 125V, 125W are drivingly controlled based upon 
120o energizing rectangular Wave by selectively applying a 
voltage to the respective gates of the FETs. 
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6 
The position detecting circuit 155 includes Hall elements 

and is connected to the control circuit 151. The position 
detecting circuit 155 detects the rotating positions of the 
rotor of the DC brushless motor 121 and outputs a rotor 
position signal to change the phase sequence in supplying 
the motor driving signals to the respective coils 125U, 125V, 
125W in accordance With the respective phases (energizing 
start timing). 
The battery pack mounting check sWitch 144 is a feature 

that corresponds to the “second connecting terminal” 
according to the present invention and is arranged to turn on 
and turn off in response to the movement of the engagement 
device 143 (see FIG. 2). Speci?cally, When the battery pack 
142 is not completely engaged With the grip 10119 by the 
engagement device 143, the battery pack mounting check 
sWitch 144 is turned off, thereby detecting the “battery pack 
non-mounted state”. Thus, the sWitch 144 outputs the cor 
responding signal to the control circuit 151. On the other 
hand, When the battery pack 142 is engaged With the grip 
10119 by the engagement device 143, the battery pack 
mounting check sWitch 144 is turned on and detects the 
“battery pack mounted state”. Thus, the sWitch 144 outputs 
the corresponding signal to the control circuit 151. FIG. 3 
shoWs the state in Which the battery pack mounting check 
sWitch 144 is turned on. 

Further, as it is shoWn in FIG. 3, the battery 141 is 
disposed Within the battery pack 142 and is connected to the 
poWer circuit 153 of the body 103 via the connecting 
terminal 147. The battery pack 142 further includes overheat 
preventing system 146 that is mainly de?ned by a thermistor. 
Overheat preventing system 146 serves to prevent excessive 
heating of the battery 141 during the operation. 

The connecting terminal 147 includes a female-type bat 
tery-side terminal 147a and a male-type body-side terminal 
147!) that can be ?tted into the battery-side terminal 147a. 
FIG. 3 shoWs the state in Which the body-side terminal 147!) 
is ?tted into the battery-side terminal 147a. 

Operation of the electric screWdriver 101 according to the 
representative embodiment Will noW be explained. When a 
user of the screWdriver 101 operates a trigger sWitch 113 of 
the screWdriver 101 as shoWn in FIG. 1, the DC brushless 
motor 121 is driven by means of the battery 141. The 
rotational movement of the DC brushless motor 121 is 
transmitted to the spindle 107 via the motor drive shaft 123, 
While being decelerated by the speed change mechanism 
105. When the spindle 107 is thus rotated by the motor 121, 
the driver bit 111 coupled to the bit mounting chuck 109 on 
the front end of the spindle 107 is also rotated. Thus, the 
screW tightening operation is performed. 

During the operation of the screWdriver 101, the battery 
pack 142 may be removed from the bottom of the grip 10119 
When charging or replacing the discharged battery 141. In 
such a case, the battery pack 142 is removed from the grip 
10119 in the direction opposite to the mounting direction S. 
At this time, the engagement of the battery pack 142 by the 
engagement device 143 is released and the battery pack 
mounting check sWitch 144 is turned off. 
When the battery pack 142 is mounted on the grip 1011) 

again after it is once removed, the battery pack 142 may 
possibly be incompletely engaged on the grip 10119. In such 
a case, the user of the screWdriver 101 may unintentionally 
remove the battery pack 142 from the grip 10119. If the 
battery pack 142 is removed from the grip 101 during 
operation of the screWdriver 101, because a large current for 
driving the DC brushless motor 121 passes through the 
poWer circuit 153, arc (spark) may be generated around the 
connecting terminal 147. 
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In this respect, according to the representative embodi 
ment, When the battery pack 142 is incompletely mounted on 
the grip 101!) (body 103) of the battery pack 142, the battery 
pack mounting check sWitch 144 is turned off as shoWn in 
FIG. 4 and the control circuit 151 detects the battery as 
non-mounted state. As a result, the control circuit 151 
subsequently stops the DC brushless motor 121 via the FET 
bridge 157 as shoWn in FIG. 3. Speci?cally, in the state as 
shoWn in FIG. 4, although the connecting terminal 147 is 
kept connected, the battery pack mounting check sWitch 144 
is in the off position, so that the DC brushless motor 121 is 
not driven. 

On the other hand, FIG. 5 shoWs the state in Which the 
battery pack 142 is removed from the body 103. In the 
connecting terminal 147 as shoWn in FIG. 5, the body-side 
terminal 147!) is removed from the battery-side terminal 
147a. At this time, the DC brushless motor 121 is already in 
a shutdoWn state. Therefore, a large driving current is not 
passed through the poWer circuit. As a result, arc can be 
effectively prevented from being generated at the connecting 
terminal 147 and thus, the screWdriver 101 can be used in the 
explosion-proof condition. 

Particularly in the representative embodiment, the DC 
brushless motor 121 can be controlled based upon turning on 
and turning off of the battery pack mounting check sWitch 
144 provided in the engagement device 143. Speci?cally, 
When the battery pack 142 is improperly mounted on the 
body 103, the battery pack mounting check sWitch 144 in the 
engagement device 143 is turned off and thus the DC 
brushless motor 121 stops. Therefore, suf?cient time to 
prevent arc can be secured betWeen the shutdoWn of the DC 
brushless motor 121 and the interruption of the poWer circuit 
153. 

Further, according to the representative embodiment, 
even When the battery pack 142 is actually mounted in an 
incomplete manner on the grip 10119 as if it Were properly 
mounted, the motor stops by means of the battery pack 
mounting check sWitch 144 coupled to the engagement 
device 143. Therefore, the user of the screWdriver 101 can 
promptly notice improper mounting of the battery pack 142. 

(First Modi?cation of the Representative Embodiment of the 
Invention) 
A ?rst modi?cation of the representative embodiment is 

shoWn in FIGS. 6 to 9. FIG. 6 shoWs a circuit structure for 
driving the DC brushless motor 121 in an electric screW 
driver 201 according to the ?rst modi?cation to the repre 
sentative embodiment of the present invention. In the fol 
loWing description, components that have the same 
construction as in the above-described representative 
embodiment Will be identi?ed by the same numerals. 

As it is shoWn in FIG. 6, the electric screWdriver 201 
according to the ?rst modi?cation is provided With a mount 
ing detection terminal 149 for detecting the mounted state of 
the battery pack 142 onto the body 103, instead of the battery 
pack mounting check sWitch 144 as shoWn in FIG. 3. The 
mounting detection terminal 149 includes a female-type 
battery-side terminal 149a provided on the battery pack 142 
and a male-type body-side terminal 149!) provided on the 
body 103 and can be ?tted into the battery-side terminal 
149a. 

In the second modi?cation, the body-side terminal 149!) 
of the mounting detection terminal 149 is provided to be 
shorter than the body-side terminal 147!) of the connecting 
terminal 147. The battery-side terminal 14911 of the mount 
ing detection terminal 149 is shorter than the battery-side 
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terminal 14711 of the connecting terminal 147 so as to match 
With the body-side terminal 149!) in length. 

The DC brushless motor 121, the control circuit 151, the 
poWer circuit 153, the position detecting circuit 155, the FET 
bridge 157, the connecting terminal 147 and the overheat 
preventing system 146 utiliZed in the ?rst modi?cation are 
also utiliZed in this modi?cation and therefore, detailed 
description for these components are abbreviated. 

FIGS. 7 to 9 shoW different mounted states of the battery 
pack 142 onto the body 103 in this modi?cation. FIG. 7 
shoWs the state in Which the battery pack 142 is properly 
mounted on the body 103 (hereinafter referred to as “prop 
erly mounted state”). FIG. 8 shoWs the state in Which the 
battery pack 142 is beginning to be removed from the body 
103 (hereinafter referred to as “removal beginning state”). 
FIG. 9 shoWs the state in Which the battery pack 142 is 
completely removed from the body 103 (hereinafter referred 
to as “battery removed state”). 

In the properly mounted state as shoWn in FIG. 7, the 
connecting terminal 147 and the mounting detection termi 
nal 149 are kept connected. Therefore, the battery 141 is 
electrically connected to the body 103 side by means of the 
connecting terminal 147 and supplies a driving current. 
Further, the control circuit 151 detects the properly mounted 
state of the battery pack 142 via the mounting detection 
terminal 149. 

If the battery pack 142 is incompletely mounted on the 
body 103, the battery pack 142 may be unintentionally 
removed from the body 103 during the operation of the 
screWdriver 101. At the beginning of such removal of the 
battery pack 142 from the body 103, as it is shoWn in FIG. 
8, the mounting detection terminal 149 is disconnected 
While the connecting terminal 147 is kept connected, due to 
the length difference such that the body-side terminal 149!) 
of the mounting detection terminal 149 is shorter than the 
body-side terminal 147!) of the connecting terminal 147. 

In this state, the battery 141 is electrically connected to 
the body 103 via the connecting terminal 147, While the 
mounting detection terminal 149 is disconnected. The con 
trol circuit 151 detects the removal beginning state of the 
battery pack 142. Thus, the control circuit 151 outputs a 
control signal to stop the DC brushless motor 121. 

Further, When the battery pack 142 is completely removed 
from the body 103, as it is shoWn in FIG. 9, the connecting 
terminal 147 as Well as the mounting detection terminal 149 
is disconnected. In this case, When the connecting terminal 
147 is disconnected, the DC brushless motor 121 is already 
in a shutdoWn state. Thus, according to this modi?cation, the 
poWer circuit can be disconnected after the DC brushless 
motor 121 has been stopped. As a result, generation of arc 
can be effectively prevented and thus the screWdriver can be 
used in the explosion-proof condition. 

(Second Modi?cation of the Representative Embodiment of 
the Invention) 
A second modi?cation of the above described represen 

tative embodiment of the invention Will noW be explained 
With reference to FIGS. 10 to 12. FIG. 10 shoWs an entire 
structure of an electric screWdriver 201 according to the 
second modi?cation. Components having the same con 
struction as in the above embodiment or the ?rst modi?ca 
tion Will be identi?ed by the same numerals and Will not be 
described in detail for the sake of convenience. 

As shoWn in FIG. 10, the electric screWdriver 201 accord 
ing to the second modi?cation includes a body 103 having 
a motor housing 101a and a grip 101b, and a battery pack 
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142 containing a battery 141. The battery pack 142 is 
mounted on the lower end of the grip 10119 and covered With 
a battery cover 210. 

The detailed construction of the battery cover 210 is 
shoWn in FIG. 11. The battery cover 210 is mounted to the 
rear end portion of the grip 10119 and can be rotated about an 
axis (center of rotation) 211. An engagement member 213 is 
disposed on the edge end of the battery cover 210 that is 
opposed to the axis 211 and serves to engage With the body 
103 and retain the battery cover 210 onto the body 103. In 
order to mount the battery pack 142 onto the body 103, as 
it is shoWn in FIG. 11, the battery pack 142 is set onto the 
grip 10119 by means of the rail-like pair of mounting guides 
145 that are formed on both side surfaces of the battery pack 
142. The battery pack 142 is slidingly guided by the mount 
ing guides 145 in the mounting direction as shoWn by an 
arroW “S” in FIG. 11. The battery pack 142 is thus mounted 
on the grip 10119 and then engaged on the bottom of the grip 
10119 by means of the engagement device 143 on the battery 
pack 142 (not particularly shoWn in FIG. 11). 

In this state, the battery cover 210 is rotated toWard the 
grip 1011) so as to cover the battery pack 142. As it is shoWn 
in FIG. 10, the battery cover 210 to cover the battery pack 
142 is engaged and retained onto the body 103 by means of 
the engagement member 213. 
On the other hand, in order to remove the battery pack 

142, the engagement member 213 is disengaged from the 
body 103 and the battery cover 210 is rotated around the axis 
211 so as to expose the battery pack 142. Then, the battery 
pack 142 can be pulled out horiZontally (in the direction 
shoWn by arroW “S” in FIG. 11) With the aid of the mounting 
guides 145, While disengaging the engagement device 143 
(not particularly shoWn) from the body 103. Thus, the 
battery pack 142 is removed from the body 103. 

In the screWdriver 201 according to the second modi? 
cation, a battery cover mounting check sWitch 220 is pro 
vided. This sWitch 220 is turned on and turned off in 
response to the opening and closing movements of the 
battery cover 210 for covering the battery pack 142 (or 
battery 141). 

FIG. 12 shoWs a circuit structure for driving the motor 
Within the screWdriver 201 according to the second modi 
?cation. The screWdriver 201 includes the body 103 and the 
battery pack 142. The DC brushless motor 121, control 
device 151 having the control circuit, poWer circuit 153, 
position detection circuit 155, and PET bridge 157 are 
disposed Within the body 103. These components have the 
same construction as in the above-described embodiment. 
Further, according to the second modi?cation, the battery 
cover mounting check sWitch 220 is electrically connected 
to the control circuit in the control device 151 and actuated 
in response to the opening and closing movement of the 
battery cover 210 for covering the battery 141. 

Battery 141, overheat preventing system 146, connecting 
terminal 147 and mounting detection terminal 149 are 
disposed in the battery pack 142. These components have 
the same construction as in the above-described embodi 
ment. 

In the second modi?cation, not only When the battery 
pack mounting check sWitch 144 is turned off or When the 
body-side terminal 149!) is removed from the battery-side 
terminal 14911 in the mounting detection terminal 149, but 
also When the battery cover mounting check sWitch 220 is 
turned off, the control device 151 outputs the signal to stop 
the DC brushless motor 121 prior to the interruption of the 
poWer circuit 153. Speci?cally, When the battery cover 210 
covering the battery pack 142 is removed or opened, the DC 
brushless motor 121 is promptly stopped. As a result, even 
if the battery pack 142 is thereafter removed from the body 
103, Which causes the poWer circuit 153 to be interrupted, 
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10 
arc can be prevented from being generated at the connecting 
terminal 147 When the battery pack 142 is removed from the 
body 103. Therefore, the screWdriver 201 can be used in the 
explosion-proof condition. 
As a further modi?cation, an adapter may be adapted and 

arranged betWeen the battery pack 142 and the body 103 
(grip 10119). In such modi?cation, a sWitch may be provided 
that can be turned on and off in response to the mounted state 
of the adapter. According to this modi?cation, When the 
adapter mounting check sWitch is turned off, the DC brush 
less motor 121 stops before the poWer circuit 153 is inter 
rupted. 

In addition or alternatively, a lock-dial type hook or other 
similar means may be provided Which engages and retains 
the battery pack 142 onto the body 13 (grip 10119). In such 
a case, a sWitch 900 may be provided Which can detect based 
on the position of the lock dial as to Whether the battery pack 
142 is engaged onto the body 103. In this modi?cation, When 
the lock-dial position detecting sWitch 900 is turned off, the 
DC brushless motor 121 stops prior to the interruption of the 
poWer circuit 153. 
A sWitch 900 may be provided in association With the 

above-mentioned adapter or lock dial. In such a case, the 
sWitch 900 may be constructed, for example, in suitable 
combination of a magnet and a magnetic sensor that detects 
the proximity of the magnet. 

In the above-described embodiment or modi?cations, the 
connecting terminal 147 and the mounting detection termi 
nal 149 may have a male-type terminal on the battery pack 
142 and a female-type terminal on the body 103 side. 
Further, any type of motor other than a DC brushless motor 
may be used to drive the driver bit 111. 
The present teachings can be applied not only to the 

screWdrivers but also broadly to any other battery-typed 
poWer tools. 

Further, the battery pack mounting check sWitch 144 
coupled to the engagement device 143, the mounting detec 
tion terminal 149 having a male terminal that is shorter than 
the connecting terminal 147, and the battery cover mounting 
check sWitch 220 may preferably be combined entirely or in 
part. By combining these elements, even if malfunction 
takes place in any of the battery pack mounting check sWitch 
144, the mounting detection terminal 149 and the battery 
cover mounting check sWitch 220, the DC brushless motor 
121 can be reliably stopped prior to an interruption of the 
driving current from the battery 141. 

Further, in a poWer tool using a battery indicator 951, a 
connecting terminal 949 for the battery indicator 951 may be 
shorter than the connecting terminal 147 for the poWer 
circuit. With such modi?ed construction, if the battery pack 
142 is unintentionally removed due to incomplete mounting 
of the battery pack 142 onto the grip 101b, the connecting 
terminal 949 of the battery indicator 951 can be discon 
nected before the connecting terminal 147 of the poWer 
circuit. As a result, arc can be effectively prevented. 

I claim: 
1. A poWer tool comprising: 
a tool bit; 
a motor that drives the tool bit; 
a body that houses the motor; 
a battery having poWer terminals detachably coupled to 

the body, Wherein the battery supplies driving current to 
operate the motor; 

a poWer circuit that leads the driving current from the 
battery to the motor; and 

a control device that stops the motor after an engagement 
device on the battery begins physical disengagement 
from the body, but prior to the poWer terminals detach 
ing completely from the body, thereby preventing an 
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arc from being generated between the power terminals 
on the battery and the body. 

2. The power tool as de?ned in claim 1, further compris 
ing connecting terminals that include the battery terminals, 
that detachably lock the battery to the body, wherein the 
control device stops the motor prior to an interruption of the 
power circuit when the engagement between the battery and 
the body by the connecting terminals is released. 

3. The power tool as de?ned in claim 1, further compris 
ing a ?rst connecting terminal and a second connecting 
terminal, the both terminals being provided between the 
battery and the body, the ?rst connecting terminal forming 
the power circuit and the second connecting terminal being 
adapted to turn on and olT in response to the mounted state 
of the battery, wherein when the battery is disengaged from 
the body, the second connecting terminal is disconnected so 
as to stop the motor before the ?rst connecting terminal is 
disconnected. 

4. The power tool as de?ned in claim 3, wherein the 
length of the second connecting terminal is shorter than the 
length of the ?rst connecting terminal. 

5. The power tool as de?ned in claim 3, wherein the 
battery includes a battery indicator and the second connect 
ing terminal includes the battery indicator. 

6. The power tool as de?ned in claim 1, wherein the 
control device stops the motor based on a motor driving stop 
signal that is generated when the engagement between the 
battery and the body is released. 

7. A power tool comprising: 
a tool bit; 
a motor that drives the tool bit; 
a body that houses the motor; 
a battery detachably coupled to the body, wherein the 

battery supplies driving current to operate the motor; 
an attaching device that attaches the battery to the body; 
a power circuit that leads the driving current from the 

battery to the motor; and 
a control device that controls the operation of the motor, 

wherein the control device stops the motor after the 
attaching device starts to be physically released from 
the body, but prior to the battery terminals detaching 
completely from the body, thereby preventing an arc 
from being generated between the battery terminals and 
the body. 

8. The power tool as de?ned in claim 7, wherein the 
attaching device includes a battery cover to cover the battery 
on the body and the motor is stopped prior to an interruption 
of the power circuit when the battery cover is opened. 

9. The power tool as de?ned in claim 7, wherein the 
attaching device includes a battery cover to cover the battery 
on the body, the proximity of the battery cover to the body 
is detected by a magnet and the motor is stopped prior to an 
interruption of the power circuit when the proximity of the 
battery cover to the body is not detected. 

10. The power tool as de?ned in claim 7, wherein the 
attaching device includes a battery cover to cover the battery 
on the body and the motor is stopped prior to an interruption 
of the power circuit when the battery cover is disengaged 
from the body. 

11. The power tool as de?ned in claim 7, wherein the 
attaching device includes a battery cover rotatably coupled 
to the body so as to cover the battery on the body and the 
motor is stopped prior to an interruption of the power circuit 
when the battery cover rotates around the rotating axis. 

12. The power tool as de?ned in claim 7, wherein the 
attaching device includes a lock-dial type hook, wherein the 
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control device stops the motor prior to an interruption of the 
power circuit in relation to the position of the lock-dial. 

13. The power tool as de?ned in claim 7, wherein the 
attaching device includes an adapter that is disposed 
between the battery and the body and the motor is stopped 
prior to an interruption of the power circuit when the adapter 
is removed. 

14. A method of using a power tool, wherein the power 
tool having a tool bit, a motor that drives the tool bit, a body 
that houses the motor, an engagement device and a battery 
detachably coupled to the body, the battery supplying a 
driving current to the motor, comprising: 

stopping the motor after the engagement device physi 
cally disengages from the body but prior to the battery 
terminals detaching completely from the body, thereby 
preventing an arc from being generated between the 
battery terminals and the body. 

15. A method as de?ned in claim 14, wherein the battery 
is detachably coupled to the body by means of an attaching 
device, comprising the step of: 

stopping the motor prior to an interruption of the supply 
of the driving current to the motor when the attaching 
of the battery to the body by means of the attaching 
device is released. 

16. A power tool comprising: 
a tool bit, 
a motor that drives the tool bit, 
a body that houses the motor, 
a battery detachably coupled to the body, wherein the 

battery supplies driving current to operate the motor, 
a power circuit that leads the driving current from the 

battery to the motor and 
means for controlling the operation of the motor, wherein 

the means for controlling stops the motor after an 
engagement device begins to physically disengage 
from the body but prior to the battery terminals detach 
ing completely from the body, thereby preventing an 
arc from being generated between the battery terminals 
and the body. 

17. A power tool comprising: 
a tool bit, 
a motor that drives the tool bit, 
a body that houses the motor, 
a battery detachably coupled to the body, wherein the 

battery supplies driving current to operate the motor, 
means for attaching the battery to the body, 
means for controlling the operation of the motor and 
a power circuit that leads the driving current from the 

battery to the motor, wherein the means for controlling 
stops the motor after an engagement device begins to 
physically disengage from the body but prior to the 
battery terminals detaching completely from the body, 
thereby preventing an arc from being generated 
between the battery terminals and the body. 

18. A power tool comprising: 
a tool bit, 
a motor that drives the tool bit, 
a body that houses the motor, 
a battery that supplies driving current to operate the 

motor, 
an engagement device that detachably locks the battery to 

the body, 
a control device that controls the operation of the motor 

and 
a power circuit that leads the driving current from the 

battery to the motor, wherein the control device stops 
the motor after the engagement device begins to physi 
cally disengage from the body but prior to the battery 
terminals detaching completely from the body, thereby 



US 7,053,567 B2 
13 

preventing an arc from being generated between the 
battery terminals and the body. 

19. A power tool comprising: 
a tool bit, 
a motor that drives the tool bit, 
a body that houses the motor, 
a battery detachably coupled to the body, Wherein the 

battery supplies driving current to operate the motor, 
a control device that controls the operation of the motor, 
a poWer circuit that leads the driving current from the 

battery to the motor and 
a ?rst connecting terminal and a second connecting ter 

minal, the both terminals being provided betWeen the 

14 
battery and the body, the ?rst connecting terminal 
forming the poWer circuit and the second connecting 
terminal being adapted to turn on and oiT in response to 
the mounted state of the battery, Wherein the length of 
the second connecting terminal is shorter than the 
length of the ?rst connecting terminal and Wherein the 
motor stops When the second connecting terminal 
begins to physically disengage from the body but prior 
to the ?rst battery terminal detaching completely from 
the body, thereby preventing an arc from being gener 
ated betWeen the ?rst battery terminal and the body. 

* * * * * 


